Problem solving and decision-making, especially in team settings, is a critical but a challenging skill for engineering students. Discourse within groups can influence decision quality and learning outcomes. To investigate the relationship between individual contributions to discourse and team performance, this study explored the role of individual and team level factors as predictors of learning outcomes in a problem focused on sustainability. Audio and video data of engineering student teams have been coded for question, conflict, and reasoning episodes to explore the connection between team dynamics, quality of collaboration, and individual learning outcomes. These data were analyzed using a quantitative discourse analysis approach. We found that question type episodes has a significant impact on learning outcomes.
Introduction
Solving real-world problems require interpreting data and making decisions effectively. Even though decision-making in an uncertain decision situation with incomplete data is an essential skill across many domains, prior studies have shown even the experienced engineers and scientists have difficulty in eliminating alternatives and conducting successful decision analyses [1] - [3] . Problem solving and decision-making process become even more complex when decisions are made in small group settings. There is research evidence that group interactions and discourse processes can facilitate learning with reflection and co-construction of knowledge (e.g., [4] and individual achievement [5] ). However, these verbal interactions may also prevent successful collaboration and lead to unproductive results (e.g., [6] ). The purpose of this study was to examine the relationship between verbal interactions that occur in a team and the individual achievement and team performance. More specifically, the study explored:
1. To what degree the question, conflict, and reasoning episodes relate to students' individual performance? 2. What is the strength of association between verbal episodes and team performance?
Literature Review
In a group context, students engage in a number of different discourse episodes. These discourse moves may include question posing, sharing reasoning, disagreements, and elaborating on different ideas. Asking and answering questions has been connected to learning [7] . Questions stimulate shared construction of knowledge [8] , [9] . In design literature questions are also linked to convergent and divergent thinking that are associated with innovative problem solving [10] , [11] .
Conflict episodes are also a topic of interest although their frequency in engineering classrooms has been found to be low [5] . Compared to response-, learning, and support-oriented discourse, challenge-oriented and disruptive discourse occur less frequently in the college classroom. According to Purzer [5] those students who gave support-oriented comments to their peers also had higher gains in their self-efficacy, which was then correlated with their individual achievement in a course. Other studies has also shown the critical role of supportive, friendly team environments in supporting student learning [12] , [13] .
Finally, studies also indicate evaluative comments and challenging ideas are important for learning (e.g., [14] , [15] . Wall, Galanes, & Love (1987) found a curvilinear relationship between the number of conflict episodes experienced by group members and the subsequent quality of their decisions [16] .
While there are many studies that explore the relationship between student learning and group discourse, few have examined the role of verbal interactions in the context of engineering (e.g., [5] , [17] . Hence, in this study we investigated the relationship between individual contributions and team performance in a decision-task associated with engineering and explored which individual and team level factors were significant predictors of learning outcomes in engineering domain.
Methods

Research Participants
The study sample included 73 first-year engineering students working in 19 teams. Each team included three or four students. Throughout the semester students worked in these teams and hence they were familiar with each other, and have a history of prior collaboration for working on different problems.
Data Sources
• Discourse moves. Student teams completed a performance task towards the end of the semester. The task included an information and data package and asked student teams to decide on the best system to reduce the energy consumption and cost of a town library (adding solar panels, installing a green roof, or making no changes to existing design) and make a recommendation to the client. The task also promoted students to document their problem scoping, their plan for managing time and team, explain the formulae for total system cost, construct a graphical representation for 10-year cost for current and new systems, and make decisions supported with justifications based on their calculations. Student had 60 minutes to complete the task. Teams produced brief written report and a spreadsheet. Team discourse and interactions, as they were working on this task, were videoand audio-recorded during the design task.
• Team performance. Using the written report and a spreadsheet teams has submitted, team performance on this task was evaluated. The evaluation focused on the quality of problem scoping, formulation of the solution, accuracy of the calculations, quality of graphical representations, and quality of their final decision.
• Individual performance. Students' scores on individual exams were used as the individual performance measure.
Coding Process
The first step was segmenting students' verbal data by the topic they discussed. The next step was identifying meaningful discourse episodes. Episodes may be as short as one utterance or as long as an entire conversation. For example, a question episode always had at least two utterances: a question and an answer; however, a reasoning episode may consist of only one statement. Two coders independently watched and listened team videos individually and coded for episodes and subcategories of each episode. Two coders scored nine team videos individually for verbal moves and the rest of the videos were scored only by one judge. The coders reached a high level of inter-rater reliability, one coder evaluated the rest of the data The Cronbach's alpha was .93 and the intraclass correlation was .87 for the nine videos that both judges scored. During the coding process, the coders identified types of utterances that made up meaningful chunks of discourse. These included: (1) an opening utterance as a specific episodic category based on the definitions presented below, (2) other members' reactions to the opening utterance (generally an answer, co-construction, or elaboration), and (3) the end of an episode (generally when the specific topic or problem is concluded or agreed upon).
Verbal Coding Protocol
A coding protocol, designed for this study, targeted three types of episodes: questions, conflicts, and reasoning (See Table 1 ). This coding protocol, its categories and rules, were developed based on the synthesis of three highly-cited protocols: 1) the conceptual knowledge elaboration scheme [18] (, 2) the different communicative activities [19] , and 3) the dialogue utterances [20] .
The categories (questions, conflicts, and reasoning) is described below and detailed in Table 1 . § Question episodes. Segments for question episodes generally began with a question and end with an answer. However, the episode may extend if a follow-up question is asked regarding or requesting further information about the previous answer. Questions could take the form of a statement when a question is implied. § Conflict episodes. Segments for conflict episodes generally began with a response to a statement or action that presented conflicting opinions or understanding. These segments generally ended when the conflicting opinions or understandings were resolved and agreed upon. § Conflicts elicited: Coded when one member asked a critical question, disagreed with another member, or did not verified a verification question using reasoning. § Conflicts elaborated: Coded when mutual agreement is stated or implied after at least one argument. § Reasoning episodes. Segments for reasoning episodes generally began with a statement concerning a particular topic or concept that conveys useful information for others. The episode was extended when additional statements from the same person or others served to supplement the initial statement. The segment could end in three ways: (1) no responses from others regarding the topic before a new topic is initiated, (2) general agreement ("okay"), or (3) with a conflicting statement rather than supplementing statement (which begins a "conflict episode" Asking others to verify that information or a course of action is correct.
Has everyone had a chance to read this? Search questions
Asking others to find and report information taken from text, criteria, or data.
What was the cost for maintenance? How big is the roof? Open questions
Asking others for input on the next course of action or for explanations to fill lack of understanding.
I don't understand how you got this answer [implied: can you explain?] Verification answers
Yes/no answers to verification questions. If reasoning follows a yes/no answer, the statement is coded as an elaborated answer rather than a verification answer.
Yeah
Short answers
Reported information or knowledge from text, criteria, or data given in response to search questions. A short answer may be non-verbal (i.e., by pointing to the answer or showing it to the questioner).
It is here, the solar panels are 8 by 6 feet. [showing the information sheet]
Elaborated answers
Explanations answering open questions or reasoning added to verification answers. Reasoning for negative verification answers (i.e., a 'no' answer with reasoning) is coded as a nonverification conflict elicitation.
Conflict Episodes
Conflict
ElicitedCritical Question
Question asked in a disconfirming manner; elicitation of a counterargument through questioning.
Shouldn't we be calculating the number of solar panels we're using first?
Conflict ElicitedCounterargument Disagreement with a statement or course of action of another. Only coded when it is a response to a reasoning utterance or an action.
I don't think that's the final cost though.
Conflict
ElicitedNonverification
When a member does not verify that information is correct AND gives reasoning (of which will also be coded under elaborated answers).
[ 
Data Analysis
We also calculated percentages of discourse episodes to identify areas of common or weak occurrences. We conducted multilevel analysis by employing two-level hierarchical linear models-individual variables as level 1 & team variables as level 2. We conducted a multiple linear regression to investigate the relationship between verbal moves and students' individual performance. To examine the relation between with individual performance, team performance and verbal moves, we used Pearson product-moment correlation. Figure 1 illustrates the distribution of discourse moves across teams. The student teams mostly engaged in reasoning episodes. Overall, approximately 52% of all episodes were reasoning episodes, 39% were question episodes, and 9% were conflict episodes. According to the fully unconditional hierarchical linear model, interclass correlation coefficient was .12, which indicates 12% of the variance is at group level, and the remaining 88% is at individual level. Figure 1 . Distribution of all verbal episodes for nineteen teams.
Results
Distribution of Verbal Episodes by Team
Individual Performance Results
The linear combination of three types of episodes (question, reasoning, conflict episodes) was significantly related to the individual performance scores, F(3, 69) = 3.57, p < .05, r 2 = .14.The sample multiple correlation coefficient was .37. Among three types of verbal moves, the question episodes were significant predictors of individual student performance. In addition, "asking questions" was a better predictor than "answering questions" for student performance. In terms of percentages, the question episodes were positively correlated with individual performance. However, the percentage of reasoning episodes was negatively correlated with individual performance. In other words, generating or involving relatively more questions rather than reasoning was significantly associated with individual performance. On the other hand, conflict episodes were not significantly correlated with performance.
Team Performance Results
The relationships between team performance and verbal moves were mixed. First, the reasoning episodes was negatively correlated with the team performance, r(17) = -.42 p < .05, and the question episodes was positively correlated r(17) = .35 p = .07, but this correlation was not significant at .05 alpha level. Furthermore, there was no meaningful relation between the conflict episodes and team performance.
Discussion
Our study highlights the critical role of questioning and question episodes in both individual achievement and team performance. Our results indicate that the question episodes were the significant predictor of individual student performance, beyond the reasoning and conflict episodes. Moreover, asking questions rather than answering had a stronger association with performance.
Among the type of question, open and verification type questions were significantly correlated with performance. In terms of team performance, teams that spent more time on question episodes performed better compared to teams that spent more time on reasonign episodes (discourse about data, calculation procedures).
Students spent most of their time on reasoning episodes. Yet, spending more time on reasoning episodes rather than question episodes was negatively related to their team performance. Conflict episodes did not occur frequently, a finding that is aligned with previous work [5] . Hence, the relative effectiveness of conflict episodes was not significantly correlated with performance.
Conclusions
The study of learning in groups and collaborative teams is an area, which has long been a topic of research interest but still calls for further research. Similar to prior studies, our findings highlight the complexity of social learning and decision-making processes but also suggests that a focus on question asking, especially open questions and verification type questions, can support student achievement and performance. Future research should examine questioning, a practice which is also found to be associated with other critical competencies in engineering such as innovation [11] and design creativity [10] , [21] , [22] 
